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ABSTRACT 

The present invention relates to polyester urethanes comprising polypentadecalactone 
segments. These polyester urethanes do show good properties which may be adjusted 
in a controiifid manner. In preferred embodiments the polyester urethanes display 
additionally polycaprolactone segments. Such polymer may show shape memory effects. 
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Polyester urethanes 



The present invention relates to polyester urethanes comprising a specific component of 
polypentadecalactone (PDL). 

Plastic materiafs are valuable synthetic polymeric materials which have secured a 
premment place In many applications In the art By varying the different components of 
polymers attempts are made to achieve optimum properties for the desired applications 
n order to respond precise* and selectively to specific demands. A daas oHnpa^lar' 
interestng products are polygenes since these materials may be produced by 
add«on pactions of preformed segments, *thout producing undeslred side pnoo^ A 
known Cass of polygenes ere polygenes comprising two dlfferem^olyTste^ 
components, namely a. polycaprolactone segment and a polyparadlo^e aeome^ 
These materia*, described In WO-A-89-42528 and WO^^rT^ T 
fernery effects, wherein the polycaprolactone mJ^^^J^ 
<he polyperadtaxanone segment serve, as so called herd ««, JL -^T 
P^parad,™ .eg,™* ^ „ prob , h Z ZZLZZ^ 
segment pnovldes tte poster ur*hane. with a ra»»r <Z, bZc SU? 
Fu-them™ a lotof the known potyeaerurethenesdo ootZ.Tte^^T'] 
-^parties, so mat „ e ^ „ ^ ^0™*,^^^ 
increasing demands concerning ine epollcatfons of V8r 
metertels should prcferab,,, an al I * ^ m<STC materta ' S - ""^ I**™** 

Preferred embodiments are described in the subclaims. 

The most basic form of the present Invention may be seen m ^ 
polypentadecalactone seamen*- in y ^ n ' n *** use of 
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segments, different from polypentadecalactone may be present In a preferred 
embodiment the polypentadecalactone segments are employed as hard segments in the 
polyester urethane, which. In addition to the polypentadecalactone segments, do 
comprise further polyester segments, preferably polycaprolectone segments, as soft 
segments. These further segments may be selected among a broad variety of 
chemically different components which are suitable as soft segment Specific examples 
which may be named comprise partially crystalline segments, comprising polyester 
segments, polyether ester segments and poiyether segments, such as polycaprolactone 
segments (PCL), polycaprolactone^»^X)lytetrahydrofurane segments (PCL-oo-pTHF), 
tetrahydrofurane segments (pTHF), pdypropyleneglycol segments (PPG) and 
polyethylenegiycol segments (PEG), as well as glassy segments, comprising polyester 
and copolyester. such as poiy-L-lecHd-oo-gfycolIde (ran) (PLGA) and poty-DUactlde (P- 
DL-LA). In particular a combination of polypentadecalactone segments and 
polyethyleneglycoie segments enables intriguing properties of the resulting material due 
to the combination of hydrophobic and hydrophBic segments. 

The polypentadecalactone segment, contained in the polyester urethane used in 
accordance with the present Invention, Is usually introduced into the polyester 
urethane in the form of a macro diol. This segment may be obtained by ring opening 
polymerisation from oo-pentadeca lactone employing tin catalysis and using ethylene 
diol as initiator. The ratio of initiator to monomer controls the molecular weight of the 
segment The molecular weight of the polypentadecalactone segments in the 
polyester urethane used in accordance with the present invention is not critical. 
Usually the number average of the molecular weight is however In the range of from 
1000 to 20,000 g/mol. preferably to 2000 to 11,000 g/mol, determined by GPC- 
analysis. The macrodloi from pentadecalactone may be converted to a polyester 
urethane using those dllsocyanates which are typically employed for the preparation 
of polyurethanes. Preferred diisocyanate are compounds having the formula 
0=C=N-R-N=C=0 wherein R is aromatic or aliphatic Preferably however R is 
aliphatic comprising a carbon chain of from 1 to 10. preferably 2 to 8 and in particular 
preferably 4 to 7 carbon atoms. This carbon chain may be saturated wifh hydrogen 
or may show additional substituents. These substituents comprise short chain atkyl 
groups, in particular methyl groups. A preferred diisocyanate is trimethyl hexane-1.6- 
diisocyanate. 
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By va^g the motecutar „, ^ po,^^^ ^ 

n« IT h ^ ^ ""'"*""*'« of .he pdyestorurettane .s 
n« alto! end may be selected in accordance with me oeSrad use. Typical molecular 

eZ : rr * te ' mhed by gpc> m ,n me * *» «>.«H 

—r we** ^ ^ rrrrc ssr^-^T r 

meohamca.propemae.rewheE.Modulu.of^.ou, 17^1 T "« 

oompnsmg polycapmlaaone segments Jen .JZ _ ure * ane « 
values to, E-Mod*. and JZZ£T£ ^ZTJ^ * *~ 

onamtaN composition only to . LnTeZ^ - T * ^*' 9 rMPOCt to ** 
thereto* valuab,, ^ m "* ^^^ne "«<hanes. are 

Slower bWegre.acCTtr^tT"' 8 ' * * ~" * The 

«■* - Phya.olog.ca, envtrcnmen, „ £Lt? T """^ 

application. The uw « seomems m-J^T * a,nple lmp,an,s ** <°ng «ma 

adv^e^^moncm^^d^r^T^ ^ ^ - 
the cosmetic industry. * ™ derato coa,s due <° «« use within 

are Mock cop.aym.re comprtsfna oo^ZT^? mM P ° ,yesler uwlha «» 

segment ^^^1 — - other 
Partner the po.ycapm.actone aZJT^TT^ ,e9men *- " 

Po^ntadecafcctone segmen, be £££ J£L "T^* "~ ** 
a macred,* This macredlo. may be prapared ^aT^T *™ *"» * 

~- P-n. au* a, „ openJp£^2 o^^T * " 
with the process described above. e ~<»Pro»actone, in accordance 
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The molecular weight of the additional segments, as described above for the 
polycaprolactone segments, is not critical. However, typically these segments do show a 
number average of the molecular weight, determined by <3PC, of from 1000 to 20,000 
g/mol preferably 2,000 to 11,000 g/mol, wherein the preferred range for the PEG 
segments Is from 2000 to 20,000 g/mol, for the PLGA segments from 4000 to 9000 g/mol 
and for P-OL-LA from 5000 to 11,000 g/mol. The polyester urethanea comprising 
additional segments, preferably polycaprolactone segments do show preferably a 
molecular weight of from 50,000 to 250,000 g/mol (number average, determined by 
GPC), more preferably of from 60,000 to 200,000 g/mol and in particular preferably from 
62000 to 196,000 g/mol (and in some embodiments of from 55,000 to 100,000 g/mol). 
The content of polypentadecaiactone units may be varied over a broad range, preferably 
the content of pentadecaiactone units is In the range of from 10 to 80 wt%, In particularly 
within the range of from 20 to 60 wt%. 

When the above described polyester segments are converted by a poly addition rection 
using the above disclosed dlisocyanates to polyester urethanee in accordance with the 
present invention, a variation of the respective amounts and molecular weights of the 
polyester segments enables an adjustment of the profile of properties of the resulting 
polyester urethanes. This preferred embodiment of the present invention provides a 
polymeric system which enables, by modifying simple starting materials, a .control of the 
resulting properties. 

The materials in accordance with the present invention may be used in the form of fibres, 
such as In wrinwe resistant textiles, in the form of different shaped articles, for example 
in the field of medicine, as slowly degrading implants or In the form of coatings, for 
example on short term implants, such as cannulas or lead-wires. The use as coating 
material may increase the bio compatabiJIty of the coated articles and may therefore 
protect the user from undesired side reactions during use of the coated articles. 

The preferred polyester urethanes of the present invention, which comprise in addition to 
the polypentadecaiactone segments further segments, preferably polycaproiatone 
segments, do display further preferred profiles of properties. 

The introduction of further segments, preferably polycaprolactone segments. Into the 
polyester urethanes of the present Invention introduces e second molting temperature, 
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which may be detected during DSC measurements. Into the polyester urethene This 
second melting temperature usually lies In the range o( above arc. depending from the 
molecular weight and - the proportion of the further segment, pr9fcrabty „, 
polycaprolectone segment In the polyester urethene. 

in addition the mechanical properties may be controlled over a broad range, WW. 
■n^g content of po^pentadectacton. me value tor E-Modulus may be Incmased 
es wel The value .0, m. etongaaon a, break may be edlustod to 600 to i 2 ooy. ^ 
mcreesing content of pdypentedacalaetone and In addition tenslla at^ng* may be 
edited ,„ a rang, of from 4 to 10 M Pa w* basing ZZZ ^ 
P^erHadecalactone « arwnt(ag value , „ ^ 

blodagredabilKy of me pofrpentadecalacton, aaflmenta. compen*. to po^to^nZ 

of ».e pre^n, IrJLn J^^Z^ZZIl JT^ 
*™y to be grenulatod, which tjL TZZTlT ^ "* 
povestor urethanes of the present invent , PratSM,no * <"« 

PoV-p^loxanone segment. ^cTun,! TJ^TS^ ^ 
while me po* ster ureftanss Tme^ Zn^^ ""^ ^a""' 
mis respect The metertel. of ° afKm an lmprev8d «atmty In 

poiyceprotoctona segem^ te ^ sn ^jT ^ P **'** 

.ese prere.d m^ ^ b.^"^^^ 

- _ w rrr r -i^r 
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segments. Generally speaking, with similar or equal number everage molecular weights, 
SMP materials may be preferably obtained If the content of further segments, preferably 
caprolactone segments, within the polyester urethane is higher than the content of 
pentadecalactone units, is the molecular weight of the further segments, preferably 
polycaproiactone segments, within the polyester urethane however higher than the 
molecular weight of the polypentadecalactone units, the content of pentadecalactone 
units may be higher than the content of further segments, preferably caprolactone units. 

Good SMP-materials may in particular be obtained using the following compositions: 

Polypentadecalectone segment: Molecular weight 1000 to 10.000 g/mol (number 
average), preferably 1500 to 6000. in particular 2000 to 3000 g/mol. 

Polycaproiactone segment Molecular weight 3000 to 11.000 g/rnol (number average) 
preferably 4000 to 10,000 g/mol. . 

Polywprolac^ne^polytetranadrbfurane segment molecular weight 1000 to 5000 
g/mol (number average), preferably 1 500 to 3500 g/mol. 

Polytetrahydrofurane segment Molecular weight 1GOO to 5000 g/mol (number average) 
preferably 1500 to 3000 g/mol. 

Polypropyleneglacol segment: molecular weight 1000 to 8000 g/mol (number average) 
preferably 1200 to 4500 g/mol. 

Polyettyleneglycol segments: Molecular weight 1000 to 25,000 g/mo. (number average) 
preferably 1500 to 20.0000 g/mol. 

Poly-L-lactide-co^lycollde segment (ran): Molecular weight 4000 to 10,000 g/mol 
(number average), preferably 5000 to 8000 g/mol. 

Poly-DL-lactide segment Molecular weight 4000 to 15.000 g/mol (number average) 
preferably 5000 to 1 1 .000 g/mol. 

Polyesterurethane: Molecular weight 50.000 to 200,000 g/mol (number average) 
preferably 60.000 to 190,000 g/rnol; content of the additional segment 20 to 80 wCK.' 
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preferably 46 o 70 wt%, mere preferably 50 to 80 wt%. content polypentadeealactone 
segment 80 to 20 ww, preferably 55 to 30 wm. more preferably 40 to 60 wt%. 

The polymers of the present Invention may be blended with further components which 
further widens M rang, of eppUcrton. Fillers, each aa silica, barium autfaa and sMIar 

materials of organic or Inorganic nalure, such aa nano-siiver, and colorants mev ho 
v#h the pc^ymera of *. present Invent. The .enable 

(based on the weigh, of the total blend) , „fe«b* wUhln the range of from^o 10% 

invention th« .k, % 01 P 0 '*™'' In accordance with (he present 

componentt are Z^L ZZI^U *" """"^V "vaOebfe btand 

kneaders or extruders. P V COmpoundin 9 u ^9 suitable 

•-dead in s u ch a way, so the, Z Z " 

segments Is present in the htenrtrn-. uremane of the perrtsdecalactone 

b^rrr i r^:::r- 

achieved through the urethane segments II , ,! * 3 ^WtabWsation Is 

*r as macroscopic prope^sT Z^TZ^T 

memory materials. concerned, to the covafentfy crossed shape 
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Such blends may be prepared by coprecipitation from a solution or by compounding. 
Coprecipltation results in a superior mixing. However coprecipitation has drawbacks due 
to the use of solvents, In particular regarding costs as well as regarding working safety. 

The materials in accordance with the present invention furthermore may be processed in 
order to obtain interesting products, such as foams (porous structures) as well as micro 
carriers (micro beads), which may be employed over a broad range of applications. Due 
to the properties of the materials valuable products in particular in the medicinal field may 
be obtained. 

Production of a foam may be carried out in the usual way, such as compounding with a 
foaming agent and extruding or by thermally induced phase separation of a polymer 
solution. The type of foaming agent is not critical and ft has been proven that usual 
foaming agents may be employed using master batch technology. 
The foams which may be obtained generate, due to their shape memory properties 
which are not lost due to foam preparation, controlled forces upon recovery of the 
permanent shape, which opens up further application fields. 

During the production of the foam the pore size as well as the pore size distribution may 
be controlled in the manner known to the skilled person, by adjusting the geometric 
configuration of the screw, processing temperature and torque 

The micro carriers of the present invention, which may for example be employed for 
Tissue Engineering, may be produced from the materials of the present invention using 
usual processes, such es solvent evaporation of an emulsion or by theimally induced 
phase separation of a solution, in each case comprising at least one polyester urethane 
of the present invention. The size of the micro carriers (av. Diameter) may vary within 
the range of from 100 nm to 800 urn. preferably 100 to 200 M m. depending from the 
desired field of application. The particles substantially show a spherical shape and often 
do show an inner hollow cavity. The surface is predominantly smooth with some 
structures within the nanometer region. 

The present invention is further illustrated with the following examples. 

1 

Preparation of polyester macrodlols 
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Caprolactone and pentadecalactone, respectively were polymerised under ring opening 
using ethylene glycol as Initiator and dlbutyt tin as catalyst without addition of any 
solvent, at 130"C. The typical reaction time was 5 hours. Selecting the amount of Initiator 
adjusts the molecular weight 

in this manner different macrodiols were prepared having molecular weights (number 
average) of 10000, 2000 and 3000 g/mol for macrodiols form pentadecalactone and 
1 0000 and 4000 g/mol for makrodiols from caprolactone. 

Further polyester ureihanes. In which the segments of PCL had molecular weights of 
2000, 3000, 4000 and 10000 g/mo, and in which the segments of POL has molecular 
we,ghts of 2000 and 3000 g/mol were evaluated and it was found that the materials 
showed a melting point of the PCL segments In the range of from 30 to 55'C. which Is 
preferred in particular for many applications in the medicinal field. 



Preparation of polyester una thanes 

These maorodiols «.„ urtnfl a nMma , 224 _ ^ ^^^^^ 

«^T' e "IT" P0ly88,9r Umama - ™ 8 «~ «■"« ou. a. 80-C using 

Wn a. eattlya, en* t^ioroemyne a S whw) t The eve™,,, reason dme Z 

MM manner different polyester unahane, we™ prepared »«eh are aummaHzed m the 
«*owmg ^ PDL deecnpes the amount of pemydeeatoaone wKhm t* ^£ 
urbane (na,^ me -so^nate Mcera) a. ea m, mofccular wetem £te 
polypenadecalaotone aegmema PCL provMe,- me demanding „Js »TE 
oapreiaaon. unte. The matenai. o, eiampte, 6. 7 an< 8 do show pronou^d ^ 
memory propertes. |, should be noted ,n mte connect ma, m» ^J^TSZ 

r^:trz:T h r;r oreate9 * «■ » 

e^ed'hTlT - ** UmumCe ' C0neemln 9 9,8 pmpamea 

exerted p, me type of eomposlton. General* epealdn, »», Blu5tratlve , '^T* 

me preeen, invention previde, a Mlynwje ITSU^. 
adjustment of dealred properties. controlled 



I 



CA 02426740 2003-04-16 



10 



Example 


PDL 

• 


PCL 


Molecular 
weight of the 
polyester 
ure thane 


E-Module 
(70"C/MPa) 


Tensile 

strength 

(MPa) 


1 


100 wt-% / 
10000 g/mol 




Mn = 192000 


17 


18 


2 


22 wt-% / 
10000 g/mol 


78 Wt-% / 
10000 g/mol 


Mn = 120000 


1.4 


5 


3 


41 wt-% / 
10000 g/mol 


59 wt-% / 
10000 g/mol 


Mn =196000 


3 


10 


4 


60 wt-% / 
10000 g/mol 


40 wt-% / 
10000 g/mol 


Mn =176000 


7 


6 


5 


80 wt-% / 
10000 g/mol 


20 wt-% / 
10000 g/mol 


Mn =185000 


8.5 ' 


7 


6 


40 wt-% / 
2000 g/mol 


60 wt-% / 
4000 g/mol 


Mrt = 88000 


3.5 

35 (RT) 


4.5 

23 (RT) 


7 


50 wt-% / 
3000 g/mol 


60 wt-% / 
10000 g/mol 


Mn * 75000 


1.5 

70 (RT) 


1,6 

24 (RT) 


8 


40 wt-% / 
3000 g/mol 


60 wt-% / 
10000 g/mol 


Mn = 62000 


3 

45 (RT) 


9 

30 (RT) 



in order to evaluate the temperature dependence of the mechanical properties 
experiments were conducted with the material of . example 8. The results of these 
experiments are given In the following table and demonstrate that the tensile stretch 
remains almost without change even when heating the material to a temperature close to 
the melting temperature of the polypentadecalactone segments while E-modulus and 
tensile strength decrease. Comparable polyester une thanes comprising 
polyparacBoxanone segments In place of th epolypentadecalactone segments do show a 
significantly lower tensile stretch. 
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T 




t-Moauius 


Tensile 




ouciUI 


/ll n .\ 


strength 








(MPa) 


22 




45 


30 


37 


1000 


25 


30 


50 


1000 


12 


20 


55 


1050 


7 


15 


60 


1050 


3 


10 


65 


1000 


3 


10 


70 


11000 "~| 


3 


9 


75 


1000 


3 


7 


80" 


1000 


1,6 


3 



Furthermore the material was subjected to experiments for the determination of the 
shape memory properties. Thermo^ycllo experiments were carried out (for an 
explanation of such experiments see for example the Internationa. Patent Applications 
described in the introductory part of the present application). Values for shape Lty m 
and shape recovery after the course of several cycles (Rr) were determined The *>s2 
are shown In the following table. ™ SUltS 



Number of 
cycles 


Rf(%) 


Rr(%) 


1 


68 




2 


98 


85 


3 


98 


96 


4 


98 


99 


5 


98 


99 



wect was initiated at a temperature of 80'C. Similar raaults may be obtains * k 
mamor, „ ^ « temperatljres ^ ^ ^ ££££ ' - *«- 
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In addition the following copolyester urethanes were produced and several mechanical 
properties were tested. 

PDL-pofyrethane comprising partially crystalline soft segments 
Composition of polyester urethene comprising POL 
PDL= polypentadecadoiactone, polyester 
+ PCL = polycaprolactone, polyester 

♦ PCL-co-pTHF = polycapralactone-co-polytetrahydrofuran , polyetherester 
+ pTHF= potytetrahydrofuran, polyether 

♦ PPG= polyp ropyleneglyool, polyether 
+ PEG= Polyethylenegtyool, polyether 

( novel combination hydrophobic (PPDL) hydrophilic (PEG) 



Combination with PPL 3000 a/mnl 



Material 


% 




% 


Mn 


PDL 3000 g/mol 


100 






68.000 


PDL3000g/mol 


50 


PCL 1000 g/mol 


50 


72.000 


POL 3000 g/mol 


50 


PCL 1250 g/mol 


50 


106.000 


PDL 3000 g/mol 


60 


PCL 2000 g/mol 


60 


83.000 


PDL 3000 g/mol 


40 


PCL 2000 g/mol 


60 


76.000 


PDL 3000 g/mol 


50 


PCL 3000 g/mol 


50 


76.000 


PDL 3000 g/mol 


40 


PCL 3000 g/mol 


60 


89.000 


PDL 3000 g/mol 


50 


PCL 4000 g/mol 


50 


85.000 


PDL 3000 g/mol 


40 


PCL 4000 g/mol 


60 


95.000 


PDL 3000 g/mol 


50 


PCL 10000 g/mol 


50 


87.000 


PDL 3000 g/mol 


40 


PCL 10000 g/mol 


60 


103.000 


PDL 3000 g/mol 


30 


PCL 10000 g/mol 


70 


89.000 


PDL 3000 g/mol 


60 


pcl 10000 g/mol 


40 


73.000 


PDL 3000 g/mol 


40 


PCL-co-pTHF 
2000g/mol 


60 


79.000 
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rUk ouuo g/moi 


40 


PTHF 2500 g/mol 


60 


a r* A7\A 

45.0X 


rUL JUUu g/moi 


4 a 

40 


PPG 1200 g/mol 


60 


65.000 


PDL 3000 g/mol 


40 


PPG 4000 g/mol 


60 


53.0X 


PDL 3000 g/mol 


40 


PEG 2000 g/mol 


60 


28.0X 


PDL 3000 g/mol 


40 


PEG 4000 g/mol 


60 


32.0X 


PDL 3000 g/mol 


40 


PEG 6000 g/mol 


60 


40.000 


PDL 3000 g/mol 


40 


PEG 8000 g/mol 


60 


42.0X 


PDL 3000 g/mol 


40 


PEG 10000 g/mol 


60 


43.000 


PDL 3000 g/moi 


40 


peg 20000 g/moi 


60 


50.000 


Combination with t»pL wipfl g/ m? | 




iviaicsnai 


% 




% 


Mn 


PDL 2000 a/mol ""' 




PCL 2000 g/mol 


70 


75.0X 


POL 2000 g/mol 


40 


PCL 2000 g/mol 


60 


95.0X 


PDL 2000 g/mol 


SO 


PCL 2000 a/mol 


SO 


65.0X 


PDL 2000 g/mol 


60 


pcl 2000 g/mol 


40 


73.0X 


PDL 2000 g/mol 


70 


PCL 2000 g/mol 


30 


46.000 


PDL 2000 g/mol 


30 


PCL 3X0 g/mol 


70 


99.0X 


PDL 2000 g/mol 


40 


PCL 3X0 g/mol 


60 


72.000 


PDL 2000 g/mol 


50 


PCL 3000 g/mol 


50 


78.000 


pdl 2000 g/mol 


60 


PCL 3X0 g/mol 


40 


73.0X . 


PDL 2X0 g/mol 


70 


PCL 3X0 g/mol 


30 


65.000 


PDL 2000 g/mol 


30 


PCL 40X g/mol 


70 


49.000 


PDL 2000 g/mol 


40 


PCL 4X0 g/mol 


60 


62.000 


PDL 2000 g/mol 


50 


PCL 4000 g/mol 


50 


65.000 


>DL 2000 g/mol 


60 


PCL 4000 g/moi 


40 


83.000 


PDL 2X0 g/mol 


70 


PCL 4000 g/mol 


30 


co Ann 
OO.LA-MJ 


PDL 2000 g/mol 


30 


PCL 100X g/mol 


70 


85.0X 


PDL 2000 g/mol 


40 


PCL 1 XX g/mol 


60 


109.000 


PDL 2000 g/mof 


50 


pcl 10000 g/mol 


50 


13O.0X 


PDL 2000 g/mol 


60 


pcl 10000 g/mol ; 


40 


121. OX 


PDL 2000 g/mof 


70 


PCL ixx g/moi : 


50 ( 


ii.ooo 


PDL 2000 g/mol 


30 " 

< 


PCL-copTHF , 
2000g/mol 




iO.OOO 
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PDL 2000 g/mol 


40 


PCL-co-pTHF 
2000g/mol 


a a 

60 


«A AAA 

78.000 


PDL 2000 g/mol 


50 


r^A>i — ip" 

PCL-co-pTHF 
2000g/mol 


50 


MA AAA 

89.000 


pdl 2000 g/mol 


60 


PCL-CO-pTHF 
2000g/moi 


40 


PA AAA 

59*000 


PDL 2000 g/mol 


70 


PCL-co-pTHF 
2000g/moi 


30 


55.000 


PDL 2000 fl/mftl 
* WW *wwu u/ihuj 




DDf** iOrtn /i/mnl 

r*Kv3 i4iuu y/moi 


ou 


£C AHA 


PDL 2000 g/moJ 


40 


PPG 4000 g/mol 


60 


53.000 


PDL 2000 g/mol 


40 


PEG 2000 g/mol 


60 


28.000 


PDL 2000 g/mol 


40 


PEG 4000 g/mol 


60 


32.000 


PDL 2000 g/mol 


40 


PEG 6000 g/mol 


60 


40.000 


PDL 3000 g/mol 


40 


PEG 8000 g/mol 


60 


42.000 


PDL 3000 g/mol 


40 


PEG 10000 g/mol 


60 


43.000 


PDL 3000 g/mol 


40 


PEG 20000 g/mol 


60 


50.000 



Mechanical PjggBlflSS 



Material 


Temp. • 


E-Modulus 


Tensile stretch 


PDL-2k-C0-PCL1 Ok 40/80 


20°C 


35 


1350% 


PDL-2k-co-PCL1 Ok 40/30 


70«C 


5 


1000% 


PDL-3k-C0-PCL1 Ok 40/80 


20°C 


145 


1500% 



PDL-palyurethane comprising glassy components 

Composition of polyester urethanes with PDL 

PDL= polypentad€3cadolacton, polyester 

PLGA= poly-L-Jactide-co-gjycolida (ran), polyester 
P-DL-LA = poly-O l_4actlde, polyester 
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Material 


% 




% 


Mn 


PDL 3000 g/mol 


60 


PLGA 7000 g/mol 


50 


65.000 


PDL 3000 g/mol 


40 


PLC3A 7000 g/mol 


60 


55.000 


pdl 2000 g/mol 


60 


P-DL-LA 6000 g/mol 


SO 


87.000 


POL 2000 g/moi """ 


40 


P-DL-LA 6000 g/mol 


60 . 


72.000 


PDL 2000 g/mol 


50 


P-DL-LA 10000 g/mol 


50 63.000 



Mechanical prr^rVe*: 




-DL-LA6k 60/60 

; 50/50 _ w ^ 

DL^n P 0 ' DU TAbk COpl °' ye5ter Ureth ^' «"»«"0 41°n^ of PDL a nd P- 
33™ ° " ° f 3000 6000 ^ -P^-ly. and comprising 50 et-% of 
each of the segments PDL and P-DL-LA, respectively 

Siaflg Memory PrenortiA*. 




The following blends were prepared and evaluated: 
Stemfc comprising pql 
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Additives were mixed with a PDL polyester urethane having the composition PDL-3k- 
co-PCL-10k 4CW50. 

The following additive components were added in amounts of from 0.5 to 25 wt-%: 

Colorant (mester batch comprising PDL-3k-co-PCL-1 Ok 40/60 and about 5 to 1 0 wt-% 
colorant) 

■ nano-silver 
• barium sulfate 

For a blend comprising 10 wt-% of the colored master batch the following shape 
memory properties were obtained: 



Material ~ " 


Number of 
cycles 


Recovery % 


Fixity % 


90% PDL-3k-co~PCL-1 Ok 40/80 
10% master batch blue 


1 


30,5 


98,3 


90% PDL-3k-co-PCL-10k 40/60 — 
10% master batch blue 


2 


93,3 


98,5 


90% PDL-3k-CO->CL-10k 40/60 

10% master batch blue 


3 


96,5 


99,5 


90% PDt-3k-co-PCL-10k 40/60 
10% master batch blue 


4 


98,6 


98,6 


90% PDL-3k-co-PCL-10k 40/80 
1 0% master batch blue 


5 


99,2 


98,9 

■ 



Also blends with commercially available polymers, such as PE or PVC. when using of 
from 60% to 90% PDL-poIyurethane satisfactory shape memory properties, which 
correspond to those given above. 



Shape Memory Glands 
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These blends are mixtures of pure PDL-polyurethanes with PCL and PCL- 
polyurethanene, respectively. Only after a combination of the two materials yields a 
shape memory material. For preparing those blends both materials, the PDL- 
poryurethane and PCL or PCL-polyurethane am dissolved together and are subsequently 
precipitated (cc-precipitation). In addition blends were prepared in the melt using a 
compounder (twin screw extruder). 



.Components empir^** 
A: PDL-3k-polyurethane . Mn 95.000 
B: PCL-10ki3olyurethane , Mn 102.000 
C: PCL; Mn 80.000 

nuam^h. 20% .80 % good rt^p. memay 




40% PDL^k^iyurethane 
60% PCL-IOk^iyuretnane 

40% PlX^^ly^eg^ 
60%PCL-10k-polyu f Bthane 



40% 



PDL-3k-poly7^ithane 
60% PCL-IOk^joiyurethane 
w% PDL-SkiJolyuFelhiHe- 



97,3 



60% PCL-lOk-polyurethane 



60% PCL-lOk-polyurethane 



98,5 



98,6 



98,2 



99,1 



99,1 



98.6 



98.9 
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Experiments were carried out regarding the degradation behaviour of the resorbable 
materials. Degradation studies were conducted at body temperature (37*C) In aqueous 
buffered solutions (phosphate buffer, pH 7, comprising NaaHPO* I^HPO* and NaN 3 ). in 
order to obtain estimates above long term behaviour so called accelerated degradation 
studies were earned out at 70°C. For the purpose of this evaluation samples are taken at 
defined times and molecular weight (Mn) as well as relative weight loss (%) are 
determined. 

In the following table the results of evaluations for the material PDL-2k-co-PCL-iOk are 
listed. 



Week 




T- 70-C 








T = 37~C 




Mn 

[g/mot] 


Weight loss [%] 




week 


Mn 

Ig/mol) 


weight loss p4J 


0 




185.000 




0 


185.000 


0 


1 
2 


_ 0.08 


175.000 




2 


184.000 


0,09 




' 0.11 


152.000 




6 


183,000 


0.12 " 


3 


0.16 


134.000 




10 


184.000 


0,15 


4 


0.19 


76.314 




18 


182.000 


0,17 


6 


0,24 


27.054 




29 


180.000 


0,20 


8 


0.29 


8.769 










12 


5.90 


2.178 










16 


22.65 


2.469 










21 


41.61 


2.123 










25 


49.36 


3.061 










29 J 


63.06 


2.976 
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in the following table the results of the degradation experiment using the material PDL- 
3k-co-PCL-l0k are listed. 



llUUlIf 




T a 70«C 








1 — V / 


0 


Mn 

fg/moq 


Weight lose (%i 


■ 


wvwn 


Mn 

(g/mol] 


weight loss [%J 


1 


185.000 


0 




0 


185.000 


0 1 


2 


182.000 


0,05 




2 


184.000 


0.08 I 


3 


160.000 


0,11 




6" 


183,000 


0.15 j 


4 


.123.000 


0,15 


• 


10 


184.000 


0,18 


6 


11Z00O 


0,18 




18 


182.000 


0,20 " " 1 


8 


49.000 


0,21 




29 


180.000 


0,22 


12 


17.500 
10.000 "~ 


0,41 










16 




6.47 










21 


7.300 
4200 


23,98 










[25 "': 


3.500 


43,54 










29 ">. 




60.46 













54,15 











«*ons. A distinct change in the morphology of the surface could be detected 
Bio compatabflity studies: 

For selected materials (PDUWPCL-10k; PDWk-^PCL-IOM e^ri™^ 
earned out reaaminn ^- w*. - . **-«>-rcL-iok) experiments were 

J ' COnfr01 01 membrane Integrity was carried out 
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by PA 17 vital coloration (vital cells are colored green). Morphology of the cells after 24h 

Incubation was evaluated using Pa 13 himalaun coloration. 

Evaluation! 

For bith samples membrane integrity was not affected by the materials of the present 
invention. 

The morphology of the cells on the samples Is. compared with the negative control, not 
changed. Cell apparence of the culture and the seeding effidence on the material 
corrraspond to that of the negative control. 

Processing of Phi .p^y^f .^nn fl t 

poam ertftMioiu 

After extruding and pallatizing the polymer, the polymer, in a second work up, is mixed 
with a master batch In a double srew extruder (chemical foaming agent Hydrocerol CT 
572, product of Clariant), in order to obtain a foam (5% foaming agent, 95% PPDU3k-co- 
PCL10k). The material, in the form of the rod In the temporary shape Is compresed to 25 
% of the initial diameter. Subsequently the rod is expanded again by heating the 
compressed rod. The initial (permanent) shape is recovered, during this recovery a force 
of SON is exerted by the material. 



Foame bv tips 

a further method for producing porous structures is the ..thermally indtced phase 
separation' (TIPS) eingesetzt A potymer solution (dioxan. 1 to 25 wt.-% polymer) Is 
cooled at a defined gradient (from 60»C to 3*C). During cooling a liquid-liquid separation 
occurs first Further cooling solidifies the formed phase structure. Using the material 
PDL-3k-co-PCUOk a foam could be produced. The solvent was removed using a high 
vacuum. 



Prparatlon of micro r^rrfr n fd 100 nm-son V m) 



Preparation of mlcsrobeads from PDL^3k-co-PCLl0k Using an emulgator (PVA) an oiMn- 
water emulsion was prepared. By cartuUy removing the solvent spherical micro camera 
were obtained. Using SEM a broad distribution of the particle size was found, as well as 
a non-uniformity regarding the particle shape. On average the particle size was in the 
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range of from 100 to 200 »m, with the most part of the camera showing a sperical shape. 
SEM evaluations furthermore showed that most of the carriers were hollow an collapsing 
under the electron beam. Evaluations of single carriers revealed that they showed a 
smooth surface having some sort of structure within the nanometer range. 



The present invention provides novel polyester urethanes, which enable a controlled 
adjustment of desired profile of properties. The starting materials to be used are usual 
compounds, which are available without to much effort The reactions to be used for 
preparing the prepolymers (macrodiols) are typical operations in the field of polymer 
chemistry, so that the polyester urethanes of the present invention may be obtained in a 
simple and efficient manner. The present Invention enables to overcome the drawbacks 
of the known materials described above. 
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CLAIMS 

1. Polyester urethane, comprising segments, of pentadecalactone units. 

2. Polyester urethane according to claim 1, comprisfng at least one farther segment 
comprising ester units and/or ether units, different from pentadecalactone units. 

3. Polyester urethane according to claim 2, wherein the further segments are 
partially crystalline segments. comprising poyestersegments, 
polyetharestersegment and polyethereegments, such as polycaprolactone 
segments (PCL), poly(^prolacton-co-polytetnahydrofuran segments (PCL-ca- 
pTHF), tetrahydrofuran segments (pTHF), polypropyleneglycol segments (PPG) 
and polyethyieneglycol segments (PEG), or glassy segments, comprising 
polyester and copolyester, such as poly-L-lactide-co-glycollde(ran) (PLGA) and 
poly-OL-lactide (P-DL-LA). 

4. Polyester urethane according to any of the preceding claims , wherein the 
segments of the pentadecalactone units do show a number average molecular 
weight of from 1000 to 20000 g/mol. 



5. Polyester urethane according to any one of claims 2 to 4 f wherein the further 
segments comprising ester units and/or ether units do show a number average 
molecular weight of from 1000 to 20000 g/mol. 

6. Polyester urethane according to any one of the preceding claims, having a 
numberc average molecular weight In the range of from 50000 to 250000 g/mol. 



7. Polyester uirethane according to any one of the preceding claims, obtained by 
reacting macrodiols with an aliphatic dflsocyanate. 
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8. Polyester urethane in accordance with any one of the preceding claims, 
comprising 10 to 80 wt-% pentadecalactone units. 

9. Polyester urethane having shape memory properties In accordance with any one 
of claims 1 to 8. 

10. Polyester urethane in accordance with claim 9, comprising 20 to 80 wt.-% 
caprolactone units and 80 to 20 wt-% pentadecalactone units, wherein the 
polycaprolactone segments have a number average molecular weight of from 
3000 to 11000 g/mol and wherein the pofypentadecalactone segments have a 
number average molecular weight of from 1000 to 10000 g/mol. 

11. Blend comprising at least one polyester urethane In accordance with any one of 
the preceding claims comprising at least one further components selected among 
polyethylene, polypropylene, polystyrene, PVC. fillers, colorants and 
medicaments. 

12. Process for preparing a foam comprising at least one polyester urethane 
according to any one of th epreceding claims, comprising me steps: 

Compounding at least one polyester urethane according to any one of the 
preceding claims with a foaming agent and extruding the Wend; or 

Dissolving at least one polyester urethane according to any one of the preceding 
claims in a solvent and subjecting the solution to a thermally induced phase 
separation in order to prepare porous structures. 
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